The Eph-ephrin system plays pivotal roles in cell adhesion and migration. The receptor-like functions of the ephrin ligands allow the regulation of intracellular processes via reverse signaling. 
in murine embryonic fibroblasts (Georgakopoulos et al., 2011; Waschbusch et al., 2009 ).
Src and the focal adhesion kinase (FAK/PTK2) are important kinases that regulate protein phosphorylation involved in the assembly and disassembly of focal adhesion sites (FASs) and podosomes (Frame, 2004; Mitra, Hanson, & Schlaepfer, 2005; Schlaepfer & Mitra, 2004 ).
Ephrin-Bs are able to recruit proteins via their four Src homology 2 (SH2) binding domains and their PDZ binding domain. Besides Src, ephrin-Bs also attract proteins like growth factor receptor bound protein 4 (Grb4) (Cowan & Henkemeyer, 2001; Segura, Essmann, Weinges, & Acker-Palmer, 2007) , which is involved in focal adhesion disassembly, and PDZ-domain binding regulator of heterotrimeric G protein signaling (PDZ-RGS) (Lu, Sun, Klein, & Flanagan, 2001) , which has been shown to link ephrin-B reverse signaling to directed migration.
Depending on the cell type, cell migration and adhesion are either mediated by FAS or by podosomes, which are large protein complexes localizing to sites of cell-matrix interactions. Despite similar protein composition, podosomes are structurally different from FAS (Linder & Aepfelbacher, 2003) . Podosomes are mostly formed by phagocytic cells with high motility.
The formation of podosomes is also essential for migration of microglia (Vincent, Siddiqui, & Schlichter, 2012) . Microglial migration and motility enables these cells to reach distinct locations during development, and in physiological and pathophysiological conditions of the adult brain. Microglia exert a variety of functions in the brain and are associated with different neurological diseases, such as multiple sclerosis, Alzheimer's disease, Parkinson's disease, and ischemic brain diseases (Fu, Shen, Xu, Luo & Tang, 2014; Prinz & Priller, 2014) . Here, we demonstrate that stimulation of reverse ephrin-B2 signaling in embryonic stem cell derived microglia (ESdM) involves g-secretase dependent generation of an ephrin-B2 intracellular domain (ICD). This proteolytic cleavage product stimulates the phosphorylation and activity of both cSrc and FAK. Inhibition of g-secretase impairs reverse ephrin-B2 signaling and results in decreased podosome dynamics and migration of microglia.
| MATERIALS A ND METHODS

| Cell culture
Hek293FT cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM) GlutamaxTM containing 4.5 g/L D-glucose supplemented with 10% fetal calf serum (FCS, PAN) and 1% Penicillin/Streptomycin solution (50 U/ml Penicillin, 50 lg/ml Streptomycin). Primary microglia were isolated like previously described (Giulian & Baker, 1986; Terwel et al., 2011) . Briefly, mixed glial cultures were prepared from newborn P1-P3 C57/Bl6 mice and were maintained in DMEM supplemented with 10% FCS and 100 U/ml penicillin/streptomycin.
They were harvested by shake-off, seeded, and allowed to attach to the substrate for 30-60 min. Attached cells were extensively washed with warmed (378C) culture medium and kept in culture for 1-2 days before being used.
Murine WT and PSdKO embryonic stem cells were generated as described before (Herreman et al., 1999) . ES cells from wild type (WT) and presenilin-1/2 double knockout (PSdKO) mice were differentiated into microglia (ESdM) as reported previously (Beutner, Roy, Linnartz, Napoli, & Neumann, 2010) and were maintained in DMEM F-12 containing 1 3 N2 supplement, 0.48 mM L-glutamine, 5.3 lg/ml-1 D-glucose, HEPES and 1% penicillin/streptomycin solution (50 U/ml penicillin, 50 lg/ml streptomycin) at 378C, 95% humidity and 5% CO 2 (Beutner et al., 2010) . The ESdM were extensively characterized previously and closely resemble primary cultured microglia under normal and stimulated conditions (Aslanidis et al., 2015; Beins et al., 2016; Beutner et al., 2010 Beutner et al., , 2013 Napoli, Kierdorf, & Neumann, 2009) 
| cDNA constructs, virus production, and cell transduction
For constitutive overexpression, the Lenti-X Tet-On Advanced System (Clontech, Mountain View, CA) was modified by replacing the cytomegalovirus promoter of the pLVX-Tet-On plasmid with the elongation factor 1 (EF1) a promoter, resulting in the pLVX-EF1a vector. The pLVX-EF1a vector was a generous gift from Dr. Oliver Br€ ustle (University of Bonn). Human ephrin-B2 full-length (NM_004093.3) or fragments closely resembling the CTF or ICD were amplified by PCR. PCR products were restricted with MluI and BamHI and ligated into the pLVX-EF1a vector. Production of lentiviral particles was performed as previously described (Kutner, Zhang, & Reiser, 2009 ). Briefly, HEK-293FT cells were co-transfected with the packaging plasmid psPAX2, the envelope plasmid pMD2.G, and the respective lentiviral vector plasmid. Viral particles were enriched by incubation with polyethyleneglycol 6000 and consecutive centrifugation. Presenilin expressing and WT ESdM were transduced with the different ephrin-B2 constructs overnight. After antibiotic selection, cells were cultured in the presence of 2 lg/ml puromycin (Sigma-Aldrich). Presenilin (C-loop, rb3109, Eurogentec [Prager et al., 2007] ); Phosphotyrosine (05-321, Millipore).
| Primary antibodies
| Precipitation of proteins with trichloroacetic acid
Cell culture supernatants were collected and cleared from cellular debris by centrifugation for 5 min at 300g. Sodium desoxycholic acid was added to a final concentration of 0.02% and incubated for 15 min. TCA was then added to a final concentration of 10%. Next, mixtures were incubated for 1 hr at room temperature. Precipitated proteins were collected by centrifugation for 15 min at 16,000g at 48C and washed twice with ice-cold acetone. The washed pellets were air-dried, resuspended in 10 ml of Tris-SDS buffer (50 mM Tris, 1% SDS in dH 2 O), and incubated for 10 min at 508C. Finally, 23 LDS-sample buffer was added, and samples were subjected to separation by NuPAGE (Life Technologies). Image acquisition: ECL imager, Quantity One Software (Biorad).
Densitometric analysis of Western blots: ImageJ software. 
| Immunocytochemistry and microscopy
| M I G R A T I O N A S S A Y S
For migration assays, 15 ng/ml CX3CL1 fractalkine (R&D Systems) (according to Napoli et al. (2009) 
| Statistical analysis
For statistical analysis either Student's t-test (unpaired, two-sided),
One-Way ANOVA (with Tukey's post hoc test) or Two-Way ANOVA (with Sidak's post hoc test) were used. Confidence level: 95%. All graphs display mean of data 6 SD. *p 0.05; **p .01; ***p .001; ****p .0001.
| R E S U L T S
| EphB1 receptor binding induces sequential proteolytic processing of ephrin-B2 in microglia
To analyze expression and cleavage of ephrin-B2 proteins in microglia,
we first used primary microglia isolated from mouse brain. DAPT on adhesion sites in the leading edge (Figure 5a ). TIRF microscopy revealed highly polarized distribution of adhesion sites reminiscent of podosomes containing an F-actin core surrounded by a ring structure consisting of highly tyrosine-phosphorylated scaffold proteins (Linder & Kopp, 2005) . Cell incubation with EphB1 significantly increased signals for pTyr and actin in podosomes to a very similar extent (Figure 5b-e) . The surface of the leading edge did not significantly change (Figure 5f) . Surprisingly, in the presence of DAPT, pTyr with EphB receptors strongly increased the production of the ICD.
Consistent with our previous data with fibroblasts (Waschbusch et al., 2009), we also observed translocation of the ephrin-B2 ICD to the nucleus. For ephrin-B1, Tomita et al. showed that the juxtamembrane region of the ephrin-B1 ICD is essential for nuclear translocation (Tomita et al., 2006) . Many ICDs of g-secretase substrates, like those of Notch (NICD) and CD44 exert gene regulatory functions (Cui et al., 2006; Jarriault et al., 1995) .
In our study, we focussed on membrane proximal signaling events and Y577 to promote maximal FAK activity (Hanks,, Ryzhova, Shin, & Brabek, 2003; Mitra et al., 2005) . Georgakopoulos et al. (2006 Georgakopoulos et al. ( , 2011 previously showed that ephrin-B2 ICD generation causes an increase of Src activity. The ephrin-B2 ICD was furthermore reported to bind to the Src inhibitor complex PAG/Cbp and Csk, and to Src itself, leading to autocatalytic Src activation. In our microglial model, the simultane- shown for Grb4 (Cowan & Henkemeyer, 2001 ).
Reverse signaling of ephrin-B proteins has been found to induce cell repulsion, cytoskeletal reorganization and disassembly of FAS in many cell types (Foo et al., 2006; Rudolph et al., 2014; Tanaka, Kamo, Ota, & Sugimura, 2003 (Fincham, Brunton, & Frame, 2000; Kaplan et al., 1994; Timpson et al., 2001 ). This Src variant, which only contains the SH2 and SH3 domains (AA 1-251), translocated to and caused enlargement of FAS, which were extensively phosphorylated despite the lack of Src kinase activity (Kaplan et al., 1994) . These findings suggest that activation of Src promotes the turn-over of FAS by stimulating FAS disassembly rather than FAS assembly. Furthermore, Ilic et al. showed and FAK activity and enlarged FAS size were associated with reduced motility (Ilic et al., 1995; Kaplan et al., 1994) . Consistent with an important role of the g-secretase dependent cleavage of ephrin-B2, expression of the soluble ICD fully restored microglial migration (for a schematic representation, see TOCI).
Cell treatment with a soluble EphB1 receptor stimulated the phosphorylation of Src and FAK and was associated with an increase in podosomal surface. Surprisingly, we also found that cell treatment with (PS1 DN) were treated with soluble EphB1 receptor in the absence or presence of DAPT. DMSO and Ctrl Fc alone served as treatment controls for DAPT and Eph B1Fc, respectively. Migration was analyzed as described in (a) and (b). Migration of PS1 DN cells was significantly lower as compared with PS1 WT cells and naïve ESdM. Addition of EphB1 had no significant effect under these experimental conditions. The inhibition of g-secretase with DAPT decreased the migration cells with functional g-secretase (naïve ESdM and PSdKO 1 PS1 WT). Each group contains a minimum of 18 cells. Data were collected from two independent experiments. All data are represented as means 6 SD plasma membrane in a nonpolarized manner, thus, may not provide the information required for directed migration and therefore not stimulate migratory activity.
The complete homology of the three human ephrin-B family members of the signaling domain sequence strongly suggests a similar function in the regulation of microglial migration between family members.
Ephrin-Bs are involved in the regulation of neuronal migration during development (Santiago & Erickson, 2002; Senturk, Pfennig, Weiss, Burk, & Acker-Palmer, 2011; Wang & Anderson, 1997) . Furthermore, impaired migration upon inhibition of g-secretase has already been observed in other cell types. For example, the g-secretase inhibitor
DAPT or the overexpression of the g-secretase substrate proteins voltage-gated sodium channel b2-subunit CTF and Nectin CTF inhibited migration of SH-SY5Y cells (Kim, Ingano, Carey, Pettingell, & Kovacs, 2005) . Additionally, the g-secretase inhibition by GSI34 has been shown to attenuate migration of two breast cancer cell lines (MDA MB231, 4T1) (Villa et al., 2014) . We also observed impaired migration of primary mouse microglia upon inhibition of g-secretase with DAPT or siRNA mediated knockdown of ephrin B2 (data not shown), further supporting a functional role of this system in the regulation microglial migration. Thus, the proteolytic processing of ephrin-B2 by g-secretase and its role in cell migration is observed in both ESdM and primary cultured microglia. However, it will be important to assess potential quantitative differences between the ESdM model and authentic microglia, and also test the physiological relevance of these findings in vivo.
The activation and migration of microglia could play important roles in chronic neuroinflammatory processes associated with several neurodegenerative diseases (Cameron & Landreth, 2010; Heneka, Golenbock, & Latz, 2015; Walter, 2016) . Notably, a mutation of EphA4, a receptor that binds to ephrin-As as well as ephrin-Bs, has recently been associated with an increased risk for AD (Hollingworth et al., 2011) , suggesting an involvement of the Eph-ephrin system in AD. Furthermore, Cisse et. al found that overexpression of hippocampal EphB2, which regulates NMDA receptor function, could reverse long term potentiation and memory deficits in amyloid precursor protein transgenic mice (Cisse et al., 2011) . Our data indicate an additional role of this system in the regulation of microglial migration. Thus, it will be interesting to further investigate the potential contribution of Ephephrin signaling and g-secretase in inflammation during neurodegeneration.
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